450                                  PHYSICS OF THE AIR
Let ON (Fig. 163) be normal to the surface OD of the earth, and let P be observed from 0. Obviously P, whose horizontal distance OD may be supposed known, will seem to be at P' and, thus, its apparent altitude greater than the actual by the distance PP. From the angle r, the density of the air at the observer's position 0 and the approximate density at P (known from the approximate height of P) it is easy to draw OP" parallel to the tangent at P to the refraction curve SPO. This gives P", necessarily below P. Hence P lies somewhere between P' and P".
A more exact determination could be had by drawing the curve of refraction OPS corresponding to the angle r and noting its intersection with the normal at D.
If the observer happens to be at P, the point 0 will appear elevated to 0'. Clearly, however, from a knowledge of the angle PO'N, and the approximate air densities at P and 0, one may draw PO" parallel to P'O, and thus locate 0 somewhere between the two determined points 0' and Ofl'. Here, too, it would be more accurate to use the refraction curve SPO.
Even initially horizontal rays normally curve down toward the surface of the earth, so that objects at the observer's own level, as well as those above and below it, appear elevated. To understand this phenomenon, consider a wave front normal to the surface of the earth, and, consequently, moving horizontally. If, now, the density of the air, at the place in question, decreases with increase of elevation, as it nearly always does, the upper portion of the wave front will travel faster than the lower, and the path will be bent down toward the earth along a curve whose radius depends upon the rate of this density decrease. For example, let the corrected height of the barometer be 760 mm., the temperature 17° C., and the rate of temperature decrease with elevation 5° C. per kilometer; conditions that not infrequently obtain at sea level. On substituting these values in the density-elevation equation, it appears that the density gradient would be such that, if continuous, the limit of the atmosphere would be reached at an elevation of about 10 kilometers. Hence, under these circumstances, the velocity of light at an elevation of 10 kilometers would be to its velocity at the surface in the ratio of 1,000,276 to 1,000,000, approximately, since the refractive index of the lower air would be 1.000276, about. The radius of curvature r therefore, is closely given in kilometers by the equation
___r_  = 1,000,000
r + 10 ~ 1,000,276'
Hence, r = 36,232 kilometers, or approximately 5.7 times the radius of the earth.
It is conceivable, therefore, that the size of a planet and the vertical density gradient of its atmosphere might be such that one's horizon

